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A  method  of  estimating  the  percentage  of  solids-not-fat  in  milk 
from  the  percentage  of  fat  and  the  specific  gravity  was  published  as  long 
ago  as  1879^  and  three  of  the  princijml  formulas  were  published  before 
1900,    Most  early  formulas  rested  heavily  on  deductive  logic,  Basic 
values  for  the  specific  gravity  of  fat  and  solids-not-fat  were  arrived  at 
by  various  means ^  and  by  algebraic  calculations  these  values  were  con"> 
verted  into  coefficients  for  estimating  the  percentage  of  solids=-not-fat 
from  the  percentage  of  fat  and  specific  gravity.    More  recently  an  in- 
ductive method— derivation  of  the  required  coefficients  by  the  method  of 
least  squares—has  been  used,  which  affords  somewhat  greater  precision 
and  more  convenient  measures  of  expected  differences  between  the  estimated 
percentages  of  solids-not-fat  and  percentages  determined  by  analysis. 

More  than  70  formulas  for  estimating  solids-not-fat  from  fat  alone ^ 
or  from  fat  and  specific  gravity  are  given  in  the  literature.    The  for- 
mulas are  derived  algebraically  from  two  basic  equations.    The  equations 
are  linear.    There  is  evidence  to  suggest  that  a  nonlinear  function  gives 
a  closer  representation  of  the  relationships 5  but  the  improvement  is  not 
substantial „ 

The  precision  of  estimates  of  solids-not-fat  is  limited  by  (l) 
accuracy  of  the  methods  of  analysis^  (2)  variability  in  the  composition 
of  milk  resulting  from  the  individuality  of  the  cow  and  changes  in  her 
environment^  and  (3)  variability  in  the  specific  gravity  of  the  con- 
stituents of  milk.    The  first  two  sets  of  factors  offer  most  hope  of 
progress  toward  greater  precision  through  further  research. 

The  standard  errors  of  estimate  of  indirect  methods  of  estimating 
the  solids-not-fat  of  the  mixed  milk  of  a  herd  fall  in  a  range  of  about 
0^3  to  0,4  percent  solids-not-fat  when  based  on  fat  percentage^  and  about 
0<,1  to  0.35  when  based  on  fat  and  specific  gravity. 
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INDIRECT  ESTIMTIS  OF  THE  SOLIIB-NOT->FAT  COI'TTEMT  OF  I4ILK  l/ 


The  Basis  for,  and  History  of,  Published  Methods  and  Equations 


By  Loxiis  F.  Herrmann 
Agricultural  Marketing  Service 
United  States  Department  of  Agriculture 


INTRODUCTION 

The  quantity  of  solids-not-fat  in  milk  directly  affects  the  yield 
of  dairy  products  which  may  be  obtained  from  it.    Consequently,  it  has 
been  proposed  that  producers  should  be  paid  for  milk  on  the  basis  of  its 
content  of  solids-not-fat  (6^,  123 )  2/,    The  practicability  of  such  pro- 
posals depends  on  knowing  the  solids-not-fat  content  of  each  producer's 
milk. 

Regulations  to  protect  consumers  against  adulterated  milk  contain 
specified  minimum  percentages  of  solids-not-fat  in  milk.    This  is  another 
reason  for  having  a  rapid  method  for  measuring  or  estimating  solids-not-fat. 


DERIVING  FORMULAS 

Equations  representing  the  relationships  among  solids-not=-fat 
content,  fat  content,  and  specific  gravity  of  milk  were  first  developed 
as  long  ago  as  1879  (15),    New  equations  have  appeared  from  time  to  time, 
some  as  recent  as  1950  (22)  and  1951  (204). 

The  methods  used  in  deriving  these  equations  have  been  both  deduc- 
tive and  inductive 0     In  the  deductive  approach,  it  was  postulated  that  the 
specific  gravity  of  milk  was  a  resultant  of  the  percentages  of  fat  and  of 
solids-not-fat,  both  of  whose  specific  gravities  were  constant  or  prac- 
tically constant.    The  average  specific  gravities  of  the  two  components 
were  determined,  and  from  these  constants  were  derived  the  coefficients  of 
equations  relating  the  percentages  of  fat  and  solids-not-fat  and  the  spe- 
cific gravity  of  Diilko     It  should  be  noted  that  these  equations  were 
"reversible";  they  were  equally  valid  when  either  of  the  three  quantities 
was  unknown.    However,  no  statement  of  probability  could  be  attached  to 
the  estimated  values  of  the  unknown. 

The  inductive  method  of  deriving  the  desired  formulas  consisted  of 
determining  the  fat,  solids-not-fat,  and  specific  gravity  values  for  a 

1/  Acknowledgment  is  made  of  the  use  of  material  compiled  by  I^uJ. 
D,  Watson,  Bureau  of  Dairy  Industry,  U.  S.  Dept.  of  Agri.    The  project  of 
which  this  review  is  a  part  was  supported  by  funds  provided  under  the 
Agricultural  ]^%rketing  Act  of  194-6  (RMA,  Title  II). 

2/  Underscored  numbers  in  parentheses  refer  to  Literature  Cited^ 

p.  27. 


»  2  » 


nnjnber  of  samples ^  and  from  these  determining  the  least  squares  regression 
eqnation.    By  this  procedure^  a  precise  measiire  of  relationships  resulted^ 
and  one  to  which  a  statement  of  probability  could  be  attached  concerning 
the  estimated  values  of  the  variable  that        treated  as  the  unknoim^  or 
dependent  variable  in  the  eqmtion*    However^  separate  solutions^  not 
algebraically  identical^  would  be  required  for  each  variable  for  which  an 
estimate  might  be  wanted. 

The  importance  of  a  statement  of  probability  appears  to  have  been 
recognized  by  some  investigators^  but  ma,ny  have  ignored  the  notion^  or 
have  considered  it  unimportant.    There  has  been  a  tendency  to  emphasize 
average  or  absolute  values^  particularly  where  the  approach  has  been 
primarily  deductive^  and  to  ignore  the  size  and  frequency  of  differences 
between  results  of  estimates  and  of  analyses ^    In  party  of  course^  this 
reflects  the  slow  spread  of  familiarity  with  the  appropriate  statistical 
methods . 


Fleischmam^  Richmond,  and  Babcpck 

The  voluminous  literature  on  the  subject  of  relationships  between 
solids-not«fat  and  specific  gravity  of  milk  appears  to  begin  with  a 
report  by  Behrend  and  Itogen  in  1879  (li).    Demichel  (^)  cited  the  use 
of  the  princijxLe  involved  in  determining  the  solids  content  of  a  solution 
from  the  specific  gravity  of  the  solution  as  having  been  applied  to  the 
analysis  of  beet  juice  for  its  sugar  content  as  early  as  1830  and  to 
other  solutions  in  1861  and  1877.    Kaiser  (102 )  in  1877  suggested  the 
application  of  this  principle  to  the  examination  of  milk*    Behrend  and 
Ihrgen  are  usually  conceded  to  have  been  the  first  to  publish  results  of 
experiments  applying  this  principle  to  the  estimation  of  solids  in  milk,. 
Within  a  few  years  ^  their  work  had  been  amplified  and  refined  by 
fleischmann  and  l'4brgen  (^)  and  by  Heischmann  The  formula  pub- 

lished by  Fleischmann  in  1885  is  one  of  the  three  most  mdely  known  for- 
mulas for  estimating  total  solids  of  milk  from  the  fat  content  and 
specific  gravity.    Fleischmann  asserted  his  awareness  that  the  formula 
would  have  only  the  status  of  a  useful  approximation  (^).    Others  were 
more  enthu-siastic  over  formulas  /Sobbe^  (172)7  but  Reiss  (lAl)  stressed 
the  extent  to  which  milk  composition  varied  from  the  rule  basic  to  the 
Fleischmann  formula^ 

About  the  time  Fleischmann  published  his  first  paper,  numerous 
other  authors  made  contributions  on  the  subject^  proposing  formulas  which 
differed  in  some  respects  from  the  formula  of  Fleischmann,    It  would  be 
difficult  to  distinguish  the  part  of  each  author ^s  contribution  that  was 
original  from  the  part  that  may  have  been  borrowed  from  an  earlier 
source—perhaps  from  some  source  not  included  in  the  known  literature. 
One  of  these  lines  of  development  was  through  Hehner  (vi);>  and  Hehner  and 
Richmond  (26),    Richmond  in  1895  proposed  a  formula  which  ranks  mth  that 
of  Fleischmann  as  one  of  the  most  widely  used  formulas  for  estimating  the 
solids  in  milk  (151 ). 
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The  third  formula  that  is  important  because  of  its  widespread  use 
was  developed  by  Babcock,  who  in  1S92  published  two  formulas  differing  in 
form  (^).    Babcock  subsequently  revised  both  formulas,  one  in  I896  (6)  and 
the  other  in  1897  (2). 


Other  FQrmulas 

Although  the  Pleischmann,  Richmond,  and  Babcock  formulas  are  the 
ones  that  appear  most  frequently  in  text  books  and  manuals  dealing  with 
the  estimation  of  solids-not-fat  in  milk,  other  formulas  are  referred  to 
by  various  workers  and  deserve  to  be  placed  in  some  perspective  in  this 
field.    In  1879  Clausnizer  and  I%yer  (22)  proposed  a  formula  for  estimating 
fat  from  the  total  solids  and  specific  gravity  of  milks    At  that  time5 
such  a  formula  was  of  practical  importance  because  the  methods  for  arxa- 
lyzing  milk  for  its  fat  content  were  not  as  rapid,  convenient^^  or  precise 
as  those  developed  later.    It  ms  then  more  convenient  to  determine  the 
total  solids  than  to  determine  the  fat  content  of  milk,    (From,  the  earliest 
of  these  dates,  of  course,  specific  gravity  has  been  determined  readily  by 
means  of  lactometers,  pycnometers or  Westphal  balsuaces, ) 

The  formiila  of  Clausnizer  and  ^kyer  rested  on  the  same  physical  re- 
lationships as  did  that  of  Behrend  and  !4orgen,  and  the  Fleischmann  formula 
was  influenced  by  both.    The  Clausnizer  and  >kyer  formula  wa.s  adapted  by 
Halenke  and  Moslinger  (2l)  to  the  estimation  of  total  solids,    Ambuhl  (l) 
further  modified  the  formula  published  by  Halenke  and  I-Ioslinger  and  gave 
it  in  a  simplified  form  in  his  manual.    Subsequent  witers  taking  their 
material  from  one  of  these  three  sources  did  not  appear  alxvays  to  have 
been  aware  of  the  linkage  among  them,    Moslinger  also  contributed  to  a 
variant  formula  through  correspondence  with  Barth  who  communicated  the 
Moslinger  formula  to  Bourcar  (21 ). 

Quesneville  (I40,  1^,  i^),  in  1884-  appears  to  have  ante-dated 
Pleischmann  in  publishing  a  formula,  but,  probably  because  the  constants 
in  Quesneville 's  equation  gave  somewhat  less  acceptable  results  than 
Fleischmann 's  formula,  Quesneville 's  paper  did  not  exercise  much  influ» 
ence  on  the  subsequent  literature,    Quesneville  mentions  the  works  of 
Clausnizer  and  l^kyer,  and  Hehner^ 

Giribaldo  and  Peluffo  (66)  argued  that  the  form  of  the  Quesneville 
formula  was  better  justified  theoretically  and  practically  than  was  the 
form  proposed  by  Heischmann  and  Ibrgen,    Although  Giribaldo  and  Peluffo 
erred  in  this,  they  did  contribute  something  to  the  understanding  of  these 
formulas  by  showing  how  specific  gravities  of  both  fat  and  solids-not-=fat 
were  implicit  in  all  formulas.    They  compared  the  various  formulas  on  the 
basis  of  these  values,    Giribaldo  and  Peluffo  also  suggested  a  variant 
formula  applicable  to  milk  from  cows  in  Uruguay.    The  data  and  derivation 
of  this  formula  were  published  in  1909  but  nearly  identical  articles 
containing  no  new  material  were  published  by  the  same  authors  in  1919  (62) 
and  again  in  1941  (68). 
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The  work  of  Quesneville  inspired  Pierre  (HI,  126^  1J2)  to  publish 
a  note  on  formulas  for  estimating  total  solids  of  milk,    Pierre  neglected 
to  credit  his  source  in  his  original  article  but  did  so  subsequently  when 
Steinmann  (IZS?  12^)  accused  him  of  having  ma.de  no  contribution  beyond 
that  of  Pleischmann^    Pierre's  formula  was  tested  by  Ranwez  (l^).^ 

Reisz  (1^6)  and  Bowditch  and  Bosworth  (2^)  are  reported  to  have 
published  formulas^  but  the  original  articles  were  not  seen^  and  the  source 
in  which  they  were  cited  did  not  give  the  formulas Vieth  (18^)  also 
published  an  article  of  some  significance  which  ms  not  available  for 
review  for  this  report  .> 

Specific  Gravity  of  Mlk  Fat 

Differences  in  views  concerning  the  specific  gravity  of  fat  account 
for  many  of  the  differences  among  formulas^    Eleischmann  derived  his 
formula  from  a  value  of  the  specific  gravity  of  fat  which  he  believed  to 
be  representative  or  average,  and  from  1^004  analyses  of  milk  for  fat, 
total  solids 5  and  specific  gravity,    l^ny  writers  who  proposed  variations 
of  Fleischmann^s  formula  or  who  offered  formulas  of  their  own  used  dif-- 
ferent  values  for  the  specific  gravity  of  the  fat  or  solids^-not-fat  or 
both.    In  many  instances  ^  l^^^ite^s  do  not  give  details  as  to  the  methods 
used  in  determining  the  values  for  specific  gravity  of  fat  or  solids-not- 
fat  which  they  preferred  (16,        21,  195). 

Hehner  (25)?  Hehner  and  Richmond  (26),  and  Ba.kke  and  Honegger  (10 ) 
describe  carefiilly  their  methods  for  determining  these  specific  gravity 
values^    The  latter  authors  and  Hoyt  et  al,  (22)^  Sharp  and  Hart  (l6S). 
Janse  (22)#  and  Heinemann  et  al.  (2S)j.  and  1/fetson  (126)  developed  modified 
methods  of  lactometry  specially  adapted  to  avoid  the  ^^Recknagle  effect^''' 
the  gradual  increase  in  density  of  milk  upon  standing,,    Wunderlich  (2^) 
and  Hawley  (24)  proposed  special  lactometric  procedures  for  tropical  con~ 
ditions^    Some  other  writers,  such  as  Giribaldo  and  Peltiff©  (66^         68) ^ 
stress  particularly  their  expectation  of  different  values  for  specific 
gravity  under  conditions  in  their  countries  as  a  basis  for  modifying  the 
formula^. 


Algebraic  Derivation  of  the  Formulas 

The  deductive  methods  used  either  for  deriving  the  formulas  or  for 
supporting  -values  based  more  largely  on  empirical  methods  were  quite  varied^ 
They  differ  as  to  the  assumptions  with  which  they  begin^  and  in  the  steps 
by  which  the  formula  is  derived.    In  most  instances^  the  deriva^tion  of  the 
formula  starts  mth  the  statement  of  relationship  'U^be  specific  gravity  ©f 
milk  is  a  function  of  the  fat,  solids-not-fat  and  mter  present"  (^). 
The  equivalent  of  this  statement  was  made  in  various  mys  by  other  authors. 
For  example^  ««the  volume  of  100  grams  of  milk  is  a  fmction  of  the  volumes 
of  fat  and  serum'*  (^)„    In  another  form^  '^the  weight  of  100  cubic  centi- 
meters of  milk  equals  the  weight  of  the  volumes  of  fat  and  serum  it 
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contains-'  (l^)..    Sharp  and  Hart  (l68)  refer  to  "the  equation  of  additive 
specific  volumes"'  in  mich  the  volimie  of  a  given  weight  of  milk  is  equal 
to  the  percentages  by  T/eight  of  fat^  solid3-nct»'fat^  and  \v'a.ter  divided  by 
their  respective  specific  gravities^ 

r%ny  authors  began  w^lth  similar  premises  but  proceeded  by  different 
routes  to  arrive  at  the  form  of  final  equation  vhich  they  offer  as  a  basis 
for  estimating  the  solids-not-fat  from  the  fat  and  specific  gravity.  Most 
of  these  can  be  sho-^m  to  include  the  equivalents  of  equations  (i)  through 
(iv)  below. 

The  volime  of  milk  and  its  constituents  can  be  expressed  as  ratios 
of  the  weight  (100  grams  of  milk  or  percentage  by  weight  of  constituent 
parts)  to  the  specific  gravity  of  the  milk  or  the  respective  constituent, 
thus : 

100  ^  F    +    TT    +    W  3/ 
D       Dp      Dt-t       Dw  (i) 

The  equation  for  this  relationship  was  given  as  above,  or  with  some 
rearrangement,  by  Babcock  (2)^  Fleischjnann  and  Morgen  (6I),  Fleischmann 
(^),  Pdchmond  (1^5)^  Sharp  and  Hart  (168),  and  Sommer  (174),    Some  of 
the  equivalent  forms  aret 

D  =  100   .  U  (61)  (ia) 

F         T»F  +  100-T 
Dp  Dh 

D  =  100  DnDF  (^)  (ib) 

D^TDp  (10<3-T)  +  D^F  +  Dp  (T-F) 

100  ^  F(DS  -  Df)  +  100  1/  (1^)  (ic) 

D  DpDs  Ds 

From  equation  (i)  it  is  desired  to  express  N  in  terms  of  F  and 
Accordingly,  by  substituting  100-F-N  for       and  the  numerical  value  of  Dt^^| 
the  equation  is  ? 


2/  The  symbols  represent? 

D  ~  specific  gravity  of  milk:  the  weight  of  a  given  volume  of 
milk  at  a  given  temperature  relative  to  the  weight  of  the  same  volum^e  of 
x^ter  at  a  given  (usu3.11y  the  same)  temperature.    The  symbol  ''D"  with  a 
subscript  denotes  the  specific  gravity  of  the  constituent  identified  by 
the  subscript. 

N  =  solids~not-fat  in  milk^  percentage  by  weight, 
F  =  fat  in  milk,  percentage  by  weight, 
W  =  water  in  milk,,  percentage  by  weight, 
4/  T  =  total  solids  in  milk,  percentage  by  weight* 
^/  ^  -  serum  in  milk  (100  grs-ms  of  milk  less  the  percentage  of  fat) 
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100  = 
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+  lOQ^F'-N 
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(ii) 
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From  this  can  be  derived: 
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~  (DF  °  l)F  +  1 


lOOjlL-jJ 


(iii) 


D 


Assroning  DF  and  Dn  to  be  constants , 


Detailed  derivations  laaj  be  found  in  (^.^  6lj  66-68^  21?  2ks>  il2? 
l^f  168,  174,  m,  and  m). 


A  less  detailed  approach  to  an  estiimting  equation  involved  the  re- 
lationship between  the  changes  in  specific  gravity  of  milk  mth  changes  in 
the  percentage  of  serrn!)...    Quesnevilie  (140»^2)^  Babcock  (^j  6)^  Hebner  (25 )f 
and  Hebner  and  Richmond  (76)  utilized  this  relationship  as  a  basis  for 
estimating  equations* 

Ihny  authors  Imve  reported  formulas  for  relating  the  solids-=not~ 
fat  content  of  milk  to  the  fat  or  to  fat  and  specific  gravity ^  the  con- 
stants of  which  were  calculated  from  observed  data  by  the  method  of  least 
squares »    Among  the  earliest  were  Richmond  (152)  and  Leonard  fll2), 
Anderson  and  Langmack  (2)^  Cra.nfield  et  al,  (22.)$  Tocher  (l80)^  and 
Overman  et  al,  (121>-  121)  reported  results  of  such  investigations  in  the 
1920 "'s.    In  the  next  decade^  Anderson  et  al,  (l)^  i^.hlenberg  and  Voris 
(1^)^  de/vfeal  (123)  and  (19^),  Hawley  (2ik)f  -^anse  (22)^  and  Sharp  and 
(168)  reported  such  deterrninations^    More  recently  Bonnier  et  al, 
(20) J  Heinemann  et  al,  (IS)^  Irovan  (r38)^  Janse  (2S)^  Richardson  and 
Folger  (L^)^  and  Jack  et  al,  (9^)  derived  formulas  by  this  method. 
Van  Ifem  (^0^  ^)  ujrged  the  use  of  probable  error  rather  than  average  dif- 
ference as  a  measure  of  the  accuracy  of  formulas^ 

Some  authors  hs.ve  offered  new  formulas  based  on  mean  differences 
between  solids-not^fat  determined_analyti cally  and  solids-not^fat  calcu- 
lated from  an  earlier  formula,    ^an  Dam  (^2)^  Hoyt  et  al.  (22)^  Boden 
and  Campbell  (18)^  and  Istgaard  (201}/,    Desai  and  I^tel  (^)^reported 
that  Richmond's  formula  generally  gave  greater  values  for  solids-not-fat 
than  did  gravimetric  methods^ 

A  I'jidely  quoted  eqmtion  for  estinmting  solids=not-fat  from  the  fat 
content  of  milk  is  that  of  Jacobson  (2i).    He  published  wha±  appears  to  be 
a  free-hand  regression  based  on  the  means  of  solids==no'b-fat  values  arrayed 
by  fat  tests.    The  values  of  the  coefficients  implicit  in  Ms  data  ca.n  be 
determined  from  coordinates  of  the  extremes  of  the  regression  line^  Other 
authors  presenting  relationshii:^  in  the  form  of  charts  or  tables  without 
equations  are  Cranfield,  et  al,  (^)^  Broxm  and  Elcroth  (22)^  Richardson 
(14S;  and  the  Mlk  Industiy  Foundation  (122). 


=  1  - 


Literat-ure  reviews  aosQniiB.nying  the  more  recent  reports  on  fat  and 
solids-not-fat  relationships  have  been  rather  briefs    Thorough  coverage  of 
the  earliest  literatiire  inay  be  foimd  in  Vieth  (l^)^  Heischmnn  (52  )p 
Giribaldo  and  Peliiffo  (66"^)s*  Koestler^and  Mcka  Li^ng  (llZ)^ 

Richmond  et  alo  Cl5i)<)  and  Schoorl  (l62}e 


T,ypes,  of  Formulas, 

A  S"ummary  of  the  various  formulas  or  equations  discloses  that  most 
of  them  fall  into  nine  principal  forms  or  types  <>    Although  these  forms 
differ  literally^  most  of  them  are  algebraically  identical  as  was  shown 
by  Sharp  and  Hart  (168)5?  Sommer  {VJL)r.  and  others «    Table  1  sunmmrizes  the 
princij^l  features  of  about  70  formulas    as  follows  §    Kame  of  author,  date 
of  publication^,  country  or  region  where  the  work  was  done^  the  temperatures 
specified  for  specific  gravitisSp  the  coefficients  of  the  form-ola,  results 
calculated  for  milk  having  specified  specific  gravities  and  fat  contents, 
and  standard  errors  of  estimate  for  a  few  of  the  formulas c 

Greatest  interest  attaches  to  the  Pleischmann  C^)^  Richmond  (163 1^, 
and  Babcock  (7)  formulas  and  those  based  on  modified' la ctome try s    Sharp  and 
Hart  (168)  as  variously  modified  (^^  115«.  162,  202)^  Heinemann  et  al, 
(2S)^  and  Janse  (22). 


Testing  the  Validity  of  Formulas 

The  validity  of  the  equations  relating  solids-not-fat  to  the  fat, 
or  to  fat  and  specific  gravity has  frequently  been  judged  in  relation  to 
the  average  composition  of  milk  samples  from  various  sources.    For  example, 
Jack  et  ale  (24)  compared  their  res-ults  with  the  values  for  Jersey, 
Guernsey.,  and  Holstein  milk  reported  by  Davis  et  al.  (^)^  Nmerous 
sources  give  average  values  ©f  solids-not-fat  corresponding  to  given  fat 
percentages  with  or  without  specifying  the  regression  equation  that  would 
represent  the  data  and  be  usef-ul  for  estimating  solids-not-fat  from  the 
fat  content  of  milkc<    The  number  of  analyses  included  in  such  data  varies 
from  the  12  determinations  reported  by  de  Vries  (i^)  to  several  thousand 
determinations  reported  by  each  of  several  authorities 5,  including 
Bakalor  (8)^  Overman  et  al^  (132 )<,  and  Nicholson  and  Lesser  (129 )«  A 
summary  of  the  data  from  various  sources  appears  in  table  2^ 

Extensive  data  on  the  fat  and  solids-not-fat  content  of  milk 
samples  were  published  by  Tobey  (l^)  and  ¥eale  flS^lo  but  as  they  are 
not  summarized  it  was  not  convenient  to  include  them  in  table  2^ 
Richardson  and  Folger  (Li9)  compared  their  data  mth  those  of  Geiger  (^) 
in  addition  to  data  shorn  in  table  2^ 

A  way  of  appraising  the  accuracy  of  formulasc,  favored  by  many  in-- 
vestigators^  was  to  apply  several  formulas  to  a  given  set  of  data^  The 
formula  showing  the  smllest  average  difference  from  gr^^vime trickily 
determined  values  vjas  presumed  to  be  the  best.    Such  com;^^risons  x^ere 
published  by  Van  Lfem  (^2)^  Farrington  (^6)^  Hehner  (25)5  Hoyberg  2S)p 
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Table  2  —Average  fat  and  solids-not-fat  content  of  milk  reported,  or  ccmputed 
from  data  reported,  by  specified  investigators 


Investigator 


Country 
or 
State 


Deter-: 


tions 


(102) 


Babcock  (2) 

Caulfield,  et  al,  (^) 
Collier  (ii) 
Davis  (42) 

Eckles  and  Shaw  (^2) 
Haecker  (20) 
Eoyt,  et  al.  (22) 
KaMenberg  and  Voris 
Uvak  (li5) 
I^ythgoe  (112) 
Moore  and  Morrow  (126) 
Overman,  et  al.  (132) 
Richardson  and  Folger  (2^) 
Shaw  and  EckLes  (120) 
Shaw  and  Fourt  (iM) 
Sherman  (121) 
White  and  JudkLns  (122) 
Woodward  and  Lee  (2^ 
Anderson  and  Langmack  (2) 
Cranfield,  et  al,  (22) 
Jones  (101) 
Leonard  (112) 
Nicholson  and  Lesser  (129) 
Provan  (138) 

Robertson  (159) 
Vieth  (ISS) 
Toch&r  (122) 
Tocher  (180) 
Bockairy  (12) 
Fleischmann  (57) 
HOyberg  (^,  20) 
Janse  (2S) 

de  Vries  (189) 


1897 

1939 

1891 

1947 

1913 

19U 

1928 

1931 

19U 

19U 

1936 

1939 

1950 

1911 

1936 

1906 

1918 

1908 

1923 

1927 

1935 

1900 

1934 

1949 


United  States 

Kansas 

New  York 

Arizona 

Missouri 

Minnesota 

California 

Pennsylvania 

Pennsylvania 

Ifessachusetts 

New  Hampshire 

Illinois 

California 

Missouri 

Idaho 

New  York 

Connecticut 

Louisiana 

Denmark 

Englemd 

England 

England 

England 

En&Lajad 


1919  England 

1889  England 

1919  Scotland 

1925  Scotland 

1904  France 

1885  Germany 

1913  Germany 

1950  Netherlands 


No. 


1,101 

930 
120 

543 
33 
134 
30 
434 
560 
2,426 
1,803 

902 
60 

""76 

732 

137 
5,450 
1/ 


15,227 
384 
676 

1,004 
20 


1916    Netherlands         —         —      —  — 


Koestler  and  THkke  (105^  106)  1923  Switzerland 
Bakalor  (5)  1948   South  Africa 


6/  16 

6/  19 
2,808 


* 

tiercLS  • 

\jOVa 

jlActa-! 

,c 

F&.t  : 

Solids- 
not— 

Itions  , 
•   L 

fat 

Ml 

No, 

No. 

Pct, 

— 

3. 

7»»-'P 

— 

4»P  / 

— 

14 

Q  LO 

5 

8 

— 

11 

3  •00 

0,  /o 

Pi  q6 

15 

1  t> 

lo 

J  COP< 

o»  /  f  f 

— 

— 

3.41 

— 

— 

4.14 

— 

—  ■ 

4,/i± 

40 

— 

"3. 

3.00 

ft  Ay 
o,D4 

— — 

— 

— 

1  I/O 

9.^40 

— 

— 

4.0o 

0,  /I 

1  A 
±D 

p»y  f 

ft  Q? 
0,  V- 

— 

m 

71 

4«i' 

ft  7"^ 

1 

600 

5.4i^ 

Q  00 

49 

4.13 

ft  ft/ 

38 

4.54 

ft  qA 

30 

3.5*^ 

ft  fty 
o.  04 

15 

3.  rl^ 

ft  7/A 

— 

3. 

ft  ftQ 

<^.74 

ft  n 

< 

115 

ft 

0  /q  /In 
4/3. dU 

0  /ft  QH 

q  /q  cq 

q/ft  An 

1 

13 

38 

3.05 

ft  7A 

Q 

3.495 

8.85 

676 

3.953 

8. 804 

875 

3.98 

8.64 

3.242 

8.710 

3.31 

8.90 

A/3.58 

4/8.52 

5/4.12 

i/8.90 

3.U 

8.16 

4.16 

8.85 

3.83 

8.65 

3.64 

8.56 

1/  Monthly  azialyses  of  bulk  milk  at  creameries  uzMier  the  IfiJLk  Murketing  fioa]^ 
2/  1923-33. 
2/  1938-46. 

4/  Data  for  y«ar  1927-28. 
5/  I^ta  for  year  1948-49. 

6/  Each  determination  on  a  sample  frcm  a  vat  of  2,000  to  5,000  kilograms.  The  different 
sets  of  dstermimtions  were  on  samples  from  different  plants. 


Muller-Hoessli  (122)^  Pierre  136)^  Schoorl  (16;^,  166)^  Shaw  and  Eckles 

fl70).  V.  Sobbe  (122),  de  Vries(i^)7  Winton  daaTTand  Woll  (200).  New 
York  State  Department  of  Agriculture  and  l^rkets  (123)  reported  the  dif- 
ferences between  values  calculated  by  the  Babcock  formula  (6)  and  values 
determined  gravimetrically.  In  3,557  samples  of  known  purity,  the  esti- 
mated percentage  of  solids-not-fat  ranged  from  1.2^  percent  less  to  1.74 
percent  more  than  the  gravimetrically  determined  values.  The  average  dif- 
ference was  +O0O97  percent,  and  the  standard  deviation  of  the  difference 
was  ±0,182  percent. 

The  rounding  of  coefficients  for  greater  convenience  explains  some 
of  the  differences  among  the  formulas  in  table  1<    A  succession  of  steps 
from  a  lengthy  formula  to  one  greatly  simplified  by  rounding  is  given  by 
Liming  (JJJZ)*    Of  course,  Babcock «s  formula  N  =  ,25L  +  .2F  represents  the 
simplest  practical  formula  (6)^    An  even  simpler  form,  N  =  (L  +  F)/4y  was 
proposed  earlier  by  Babcock  (5)^  and  by  Ambiihl  (l)„    Several  investigators 
/Liming  (112)^  and  Saar  (l63j7  retained  some  of  the  information  lost  in 
rounding  by  adding  a  correction  factor  to  the  formula. 


Linearity  of  Relationships 

The  great  bulk  of  the  literature  describes  the  relationship  between 
the  solids-not-fat  and  fat  as  being  linear.    At  least,  it  accepts  the 
linear  description  as  being  of  practical  value*    But  Richardson  and 
Folger  (^^)  question  the  assumption  of  linearity Their  suggestion  is 
to  api^y  a  series  of  linear  regressions  to  different  segments  of  the  range 
of  fat  tests o    The  resulting  zig-zag  line  of  relationship  may  describe  their 
data^  but  it  is  not  convenient  to  apply  in  practice  and  it  has  no  apparent 
logical  linsiSo    Reiss  (14^)  also  noted  a  zig-zag  curve  though  his  data  were 
for  only  24  coi-^^ 

In  disputing  the  validity  of  a  single  linear  relationship  over  the 
whole  range  of  fat  tests,  Richardson  and  Folger  (2M)  cite  Tocher  flBO) 
whose  "survey  revealed  a  uniform  rise  in  the  average  percentage  of  solids- 
not-fat  lath  ascending  values  of  percentage  of  butterfat|  the  butterfat 
and  solids»not=fat  could  be  represented,  however,  not  by  normal  curves, 
but  rather  by  Pearson ''s  type  TJ  curves/^    The  latter  part  of  this  quotation 
describes  the  frequency  distributions  of  the  variables  singly.    It  is  ir- 
relevant to  the  question  of  whether  a  linear  regression  describes  well  the 
relationship  between  them.    The  type  IV  curve  referred  to  is  more  sharply 
peaked  than  the  normal  curve,  but  this  is  not  inconsistent  with  the 
presence  of  linea.r  relationships. 

Richardson  and  Folger »s  citations  of  Brown  and  Ekroth  (22)  and  the 
Milk  Industry  Foimdation  (122)  are  more  to  the  point,  but  these  sources 
did  not  offer  any  test  of  the  significance  of  the  departure  of  their 
curvilinear  regressions  from  linearity.    Bonnier,  et  al,  (20)  are  cited 
as  finding  ^^no  linear  or  quadratic  relationship  between  the  percentage  of 
protein^or  lactose  and  that  of  fat  except  within  intervals  of  0^6  percent 
lat,      The  choice  of  words  is  inaccurate,  on  the  part  of  both  Richardson 
and  Folger  and  Bonnier  et  al.    The  means  of  arrays  of  protein  and  lactose 
percentages  within  groups  of  fat  percentages  were  found  to  deviate  from  a 
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linear  regression  by  more  than  would  be  expected  by  chance..    There  is  some 
doubt  that  their  test  ms  valid,  but  even  if  it  were^  a  casml  inspection 
of  their  results  shows  an  insignificant  gain  in  precision  from  using  a  more 
elaborate  function,  or  the  tabular  method  which  they  re  commend »    Jack  et  al. 
(24)  found  that  quadratic  and  cubic  regression  equations  gave  a  better  fit 
than  a  linear  equation^  but  that  the  standard  errors  of  estimte  were  no 
different. 

Cranfield  et  al.  (22)  found  a  parabolic  relation  between  fat  and 
solids-not-fat,  the  fat  percentages  falling  from  3oS  to  3*6  as  solids-not- 
fat  rose  from  S^O  to  S^S,  and  fat  percentages  rising  from  3,^6  to  3#B  as 
solids-not-fat  rose  from  8.8  to  9c2,    The  samples  of  morning  and  evening 
milk  had  been  analyzed  separately 5,  and  it  was  thought  that  this  might 
accoimt  for  the  nature  of  the  curve  o 

The  question  considered  by  Richardson  and  Folger  (142)  and  by 
Bonnier  et  al,  (gO),  was  whether  the  regression  coefficients  determined 
separately  for  each  segment  of  the  range  of  fat  percentages  were  suf- 
ficiently alike  to  indicate  that  the  same  inferences  could  be  drawn  from 
a  single  coefficient  as  from  separate  coefficients  for  each  segment  of  the 
universe  from  which  the  sample  was  drawn.    But  another  question  of  greater 
practical  meaning  concerns  the  accuracy  with  which  the  solids-not-fat 
content  of  a  sample  can  be  predicted.    As  xja,s  shotm  by  Jack  et  alo,  the 
standard  error  of  estimate  was  not  improved  by  using  equations  of  hJ-gher 
degrees,, 

Richardson  and  Folger  and  Bonnier  et  al,  did  not  report  any  measures 
of  the  errors  of  estimate.    Conceivably^  a  linear  regression  could  be  used 
to  represent  the  data,  but  with  such  a  wide  range  of  deviations  from  the 
regression  that  the  estimate  would  not  be  s^iffieiently  practical  for  such 
uses  as  paying  producers,  establishing  a  presumption  of  adultera^tion,  or 
controlling  the  composition  or  yield  of  dairy  products.    On  the  other 
hand,  one  may  be  confident  that  the  regression  equation  offered  by  Jack 
et  al,  (24)  when  used  in  California  will  give^  in  two  samples  out  of  three, 
the  solids-not-fat  content  from  the  fat  content  within  0,36  percent  of  the 
value  that  would  be  obtained  gravimetrically  by  the  official  method  of  the 
Association  of  Official  Agricultural  Chemists,  and  that  19  out  of  20 
Lionthly    composite  samples  would  be  within  0,1  percent  of  the  gravimetric 
value  s 

There  is  some  analogy  between  the  problem  of  choosing  an  equation 
of  suitable  form  and  the  problem  of  choosing  suitable  variables,.  Thus, 
HeineiTiann  et  al.  (22.)  found  that  the  stajadard  error  of  estimate  of  solids- 
not-fat  from  fat  alone  was  0,327^  but  that  the  addition  of  lactometer 
readings  gave  an  equation  with  a  standard  error  of  estimate  of  0,174 
percent.    The  prospective  user  of  such  equations  thus  has  some  basis  for 
choosing  between  degrees  of  accuracy  and  degrees  of  simplicity,. 

For  a  portion  of  the  samples  analysed  by  Heinema.nn  et  al.,  fat  per- 
centages and  lactometer  readings  gave  the  solids-not-fat  with  a  standard 
error  of  estimate  of  0.138  percent,  and  the  addition  of  protein  percentage 
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reduced  the  standard  error  of  estimate  to  0*0S0  percent*    De  Waal  (l2i) 
also  suggested  an  equation  relating  total  solids  to  fat.  specific 
gravitj^  and  protein,, 

x^CTOlS  ,jmi]Ei]CING  THE  REIATIOI^^SHIP  BETWJN  TIIE  FAT  AW  S 0LIE6»NOT-=FAT 

The  factors  influencing  the  relationship  between  the  fat  and  solids- 
not-fat  of  milk  are  numerous  and  they  ha.ve  been  id-delj  studied.    It  is  per== 
tinent  to  take  note  of  them  here  because  the  -^/ariations  to  which  they  give 
rise  are  beyond  the  power  of  any  simple  equation  to  correct «    Some  of  the 
factors  may  be  controlled^  but  in  most  circumstances  there  mil  remain  a 
substantial  number  of  uncontrolled  factors^  giving  rise  to  variation  which 
will  influence  the  standard  error  of  estimate * 


The  factors  affecting  fat  and  solidS'-not-fat  relationships  which 
are  most  subject  to  control  are  those  having  to  do  mth  the  methods  of 
determining  the  fat  and  solids-not-fat  content  and  the  specific  gravity  of 
a  sample  of  milk.    No  method  for  any  of  these  factors  has  been  so  satis- 
factory as  to  be  accepted  without  question.     In  the  order  of  their  pre- 
cision, there  is  probably  greatest  general  acceptance  of  the  butterfat 
tests  J  yet  the  widely  accepted  Babcock  test  1ms  been  criticized  beca,use 
of  the  -variability  of  its  results  (S0)« 

Gravimetric  methods  are  frequently  considered  to  be  the  standard 
against  which  estimates  of  total  solids  or  solids-not-fat  from  fat  and 
lactometer  readings  should  be  judged.    But  Bod en  and  Campbell  (18), 
Keinemnn  et  al,  (28)^  and  Ystgaard  et  al,  (2^)  have  called  attention  to 
the  fallibility  of  results  from  graviiaetric  methods  for  total  solids. 
Heinemann  et  al.  (28)  suggested  that  the  error  of  estimate  of  total  solids 
from,  fat  and  lactometer  readings  is  not  greater  than  the  error  of  gravi- 
metric methods^  and  Sharp  and  Bart  (168)  offered  evidence  that  errors  in 
the  determination  of  the  solids  in  whole  milk  by  drying  actually  exceed 
the  errors  in  determina.tion  of  the  solids  in  whole  milk  by  calculations 
from  the  specific  gravity  and  the  fat  content, 

Ystgaard  et  al,  (2^)  observed  that  the  official  method  of  the  Asso- 
ciation of  Official  Agricul,tural  Chemists  ga.ve  higher*  and  for  that  reason 
presumably  more  satisfactory^  results  for  tatal  so3dds  than  another  method 
but  that  the  other  method  gave  results  wliich  varied  less  among  replicate 
determinations , 

Richmond  (l^^)  conceded  that  Pleischmann's  formula  ms  satisfactory 
if  the  fat  percentage  were  determined  by  the  SaK±LLet  method. 

Although  considerable  confidence  may  be  had  in  specific  gravity 
measurements  as  a  basis  for  estimating  the  solids-not=-fat  content  of  milk, 
their  accuracy  is  strongly  dependent  on  the  deteiTnimtion  of  specific 
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gravity  at  the  temperature  appropriate  to  the  equation  being  used.,  and  on 
the  previous  history  of  the  sample.    A  considerable  difference  between  the 
specific  gravity  of  fat  in  the  liquid  state  and  in  the  solid  state j,  and 
the  fact  that  the  fat  is  liquid  at  the  temperature  at  which  it  is  dram 
from  the  cow  and  solid  at  the  temperature  specified  for  most  lactometric 
procedures,  are  factors  which  have  considerable  effect  on  the  "^/alidity  of 
estimating  equations.    Bod en  and  Campbell  (18)  report  a  difference  of  ap- 
proximately 1,3  lactometer  degrees  between  determinations  at  60o  and 
and  Heinemann  et  al.  (22)  foiind  a  difference  of  about  4^55  la.ctometer 
degrees  between  determinations  at  15  l/2o  and  30o  G,    Any  formula  in  which 
specific  gravity  is  a  factor  should  be  applied  only  to  data  obtained  by 
the  same  method  of  lactometry  as  i-jsls  used  in  deriving  the  equa.tiono 

The  most  widely  used  tem_peratures  have  been  15o/l$o  C,^  15.5^/15.5^ 
and  GQo/GO^  F,  which  are  nearly  identical.    As  has  been  mentioned  above^ 
the  fat  is  solid  at  this  temperature  but  it  becomes  solid  only  at  12  to  15 
hours  after  milking.    The  slov  rate  of  contraction  of  the  butterfat  during 
this  interval,  gives  rise  to  the  "Recknagle  effect^"  and  has  complicated 
the  problem  of  measuring  the  specific  gravity  of  milk  (62)^    Most  of  the 
early  writers  were  well  aware  of  this  phenomenon,  and  specified  clearly 
that  specific  gravity  was  to  be  measuj?ed  only  x^hen  the    terminal  value'^  had 
been  reached  (21^  150 ) ■    In  order  to  permit  accurate  measurement  of  the 
specific  gravity  as  soon  as  possible  after  milking^  -^Tarious  authors  have 
suggested  using  the  specific  gravity  measured  at  temperatures  above  the 
melting  point  of  the  milk  fat.    Bakke  and  Honegger  (10 )  first  suggested 
that  the  repeatability  of  specific  gravity  determinations  could  be  in- 
creased by  heating  the  sample  to  4-0^  G.  and  cooling  it  immediately  to  15^ 
before  determining  the  specific  gravity.    Subsequent  studies  Vjave  been  cited 
above  (p^  4)*    The  recent  work  by  Watson  (126)  promises  much  greiiter  preci- 
sion than  any  other  method  yet  developed.    From  unpublished  data  firr-nished 
by  Watson,  a  deductive  type  equation  gave  differences  from  gi'tivimetric 
values  with  a  standard  deviation  of  0.068.    An  equa.tion  derived  by  the 
least  squares  method  had  a  standiird  error  of  estimate  of  0. 06].^    These  are 
much  closer  than  the  0,1  to  0,25  for  standard  errors  shorn  for  various 
equations  in  table  1, 

The  relationship  between  fat  and  solids -not-fat  has  been  studied  by 
some  authors  using  specific  gravity  methods  for  estimating  the  solids-not 
fat.     Inasmuch  as  most  equations  have  tended  to  give  slightly  different 
results  when  used  on  other  data  than  those  from  which  they  imve  derived^ 
conclusions  based  on  such  studies  should  be  exam-iner!  rjarefu31y.     It  majr  be 
noted  particularly  that  the  differences  between  calculated  and  gravimetric 
values  of  solids-not-fat  have  been  found  to  change  sea.sonally  (llj  18^ 
lia,  164). 


Individuality  of  the  Cow 

The  basic  sources  of  variation  in  the  solids^not-fat  content  of 
milk  are  in  the  genetic  and  physiologic  attributes  of  the  cow  herself, 
Niimerous  reports  have  established  differences  between  breeds  as  to  the 
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average  content  of  solids-not«fat  and  as  to  the  relationship  between  fat 
percentage  and  solids-not-fat  percentage,    Da;ta  pertaining  to  this  factor 
appear  in  Bockairy  {Vl)p  Caulfield  et  al.  (IQ)^  Cranfield  (2^)$  Davis  et  al. 
(42f  4Si  42).  Huyguen  (21),  Jack  et  al.  (24)?  Lythgoe  (Hi),  Overffis.n  et  al. 
iUZp  121)^  Prolan  and  Jenkins  (122)?  Richardson  and  Folger  (l42)f  Rowland 
(1^0^  l6l)f  Schutte  (162),  Shaw  and  Fourt  (l62)j  Tocher  (l^)j»  White  and 
Judkins  (122)?  Collier  (15)^  Eckles  and  Shaw  {^)^  Bern  (i„^),,  and  Shaw  and 
EckLes  (122)0    Data  from  some  of  these  sources  are  shoim  in  table  3* 

Long-time  changes  in  the  composition  of  milk  in  England  are  reported 
by  Provan  (128,  122)  ^^d  My  (104)«    Here  the  solids-not-fat  declined.  In 
the  Netherlands,  Janse  (22)  fo'ond  an  increase  in  both  fat  and  solids-not- 
fat^  the  latter  increasing  at  more  than  the  usml  relationship  to  fat. 
There  appear  to  be  inherited  differences  among  famil.ies  within  breeds. 
Such  have  been  noted  by  Moore  and  Keener  (125),  Fl"ova,n  and  Jenkins  (122) ^ 
Van  Rensberg  (142)?  Richardson  and  Folger  (1^)^  Rowland  (162^)^  and  Shaw 
and  Fou.rt  (1,62 ) . 

The  solids-^not-fat  content  of  milk  produced  by  any  individual  cow 
thus  is  partly  determined  by  her  breed  and  her  ancestry  within  the  breed;, 
but  there  remains  a  considerable  variation  from  milking  to  Boilking,  from 
time  to  time  throughout  the  lactation  period,  and  from  lactation  to  lac- 
tation which  is  random  or  in  part  ascribable  to  other  factors*    Some  of 
these  factors  may  be  described  as  physiological  and  pathologicalo 

During  the  lactation  period  the  solids=-not-fat  tend  to  fall  for 
some  weeks  after  calving  and  then  to  rise  to  the  end  of  the  lactation 
period.    This  pa.ttern  has  been  reported  by  Bartlett  (12)^  Davis  et  al, 
(4S)f  Eckles  and  Shaw  (^).  Van  Rensburg  (MZ),  Rowland  (l6l)^  Tocher  (ISQ^ 
and  I'Jhite  and  Judkins  (K?).    Cranfield  (26^  22)  ^ilso  mentions  periqd 
of  lactation  as  a  factor  in  the  level  of  solids-not-fat  in  milk*  Investi- 
gators differ  as  to  the  conformation  of  the  pattern  of  solids-not^fat  per- 
centages during  lactation^  or  even  as  to  whether  a  pattern  exists^ 
Lythgoe  (112)  presented  data  showing  that  the  solids-not-fat  percentage 
increases  from  the  first  month.,    Robertson  (152)?  on  the  other  hand^  states 
that  the  relationship  of  period  of  lactation  to  level  of  solids-not-fat  is 
not  clear.    His  data  showed  the  solids-'not"-fat  percentage  to  be  lower  in 
each  of  the  last  3  months  of  lactation  than  in  any  of  the  first  3  months. 
Shaw  and  Fourt  (I62)  found  that  the  month  of  lactation  ms  not  a  statisti- 
cally   significant  factor  in  the  level  of  solids-not-fat. 

Whether  the  percentage  of  solids-not»fat  mil  rise  tomrd  the  end 
of  the  lactation  period  may  be  influenced  by  pregnancy^    Ifeirt]„ett  (Jg)  and 
Rowland  (I6I)  observed  that  a  rise  in  the  solids-not-fat  occurs  only  if  the 
cow  is  pregnant. 

There  is  general  agreement  that  the  average  level  of  solids-not-^-fat 
decreases  with  successive  lactations o    The  solids«=not--fat  percentage  is 
highest  in  the  lactations  follo^^dng  the  first  and  second  calvings.  This 
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conclusion  is  supported  by  Bartlett  (l2),  Cranfield  (26),  Van  Rensbui^g 
(1^)^  Rowland  (l6l)s  Tocher  (180^  3J2)^  and  I'Jliite  and  Judlcins  (l^Z). 
The  amount  of  decline  from  lactation  to  lacta.tion  is  small ^  ranging  from 
0«03  to  OolS  percent  per  lactation  (table  4)* 


Table  4. —Average  solids-not-fat  content  of  milk  during 

successive  lactations 


;  .  ^      .  .       La,ctati^j^  l- 

    First,  I    Second  _._;.,„. Third;    t  Fovxth 

Bartlett  (^2)  j.       9,49  9*32  9o22 

» 

Van  Rensbin-g  (142 )  -       ^.76  8,80  8.62  8.54 

V^ite  and  Judkins  (122)    '       S.93  8,88  8^85  — 


_        A  lower  level  of  solids-not=-fat  occurs  in  coiaTS  affected  mth  mastitis 
^Richardson  and  Foger  (142)  ^-^id  Rowland  (l6lj7o     Davies  (^)  examined  milk 
containing  an  abnormally  low  percentage  of  solidS'-not-fat  and  found  indi= 
cations  of  the  presence  of  mastitis |  that  is^  high  chlorine,  low  lactose^ 
and  high  non-casein  nitrogen. 

The  percenta.ge  of  solids=not-^fat  in  a  sample  taken  from  a  single 
milking  may  differ  from  the  daily  average^  but  i"^  ^ries  less  than  the  fat 
/Provan  and  Jenkins  (l^),  Eckles  and  Shaw  (54i/*    Houston  (^)  found  that 
the  percentage  of  solids-not-^fat  in  milk  was  nearly  the  same  in  afternoon 
and  morning  milkings  when  the  over  night  period  yra,B  14  hours «    Goldlng  et  ale 
(62)  and  Bartlett  et  al.  (l2)  reported  lower  values  for  solids-not-^fat  in 
morning  «s  milk*    They  determined  solids-^not-fat  by  fat  and  lactometer  read- 
ings and  conceded  that  the  lactometer  reading  may  have  been  taken  before 
the  milk  from  morning  milkings  had  had  time  to  reach  its  terminal  valuer 
Jones  (1^)  founds  on  the  other  hand,  that  milk  from.,  the  afternoon  milk- 
ings was  lower  in  solids-not-fat,.    He  fioi'ther  observed  that  the  difference 
greatest  in  June,  July^  and  August ^ 


Enviroimient  of  the,  Cow 

The  solids«not-fat  content  of  milk  is  influenced  by  environmental 
conditions  J    Season^,  temperature^  and  feedings    The  most  notable  effect  of 
feeding  is  when  the  supply  of  nutrients  is  low^  as  under  .drought  conditions 
during  pasture  season^  so  that  the  three  factors  tend  to  be  associated  in 
practice^ 

The  effect  of  season  on  solids-not-fat  content  of  milk  seems  to 
vary  greatly  from  place  to  place^  and  from  time  to  timeo    The  highest 
solids-not-fat  content  usually  occurs  in  the  fall  or  early  xd.nter,  October 
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through  Janmry,    The  low  point  may  occur  within  a  longer  time  period, 
April  through    September,    A  simple  average  of  monthly  average  percent- 
ages of  solids-not-fat  reported  by  12  investigators  ranges  from  a  high  of 
9.03  percent  in  January  to  a  low  of  8.84  percent  in  July  (table  5)« 

Regan  and  Richardson  (lAA)  determined  experimentally  that  the 
solids-not-fat  percentage  decreases  with  increasing  temperature.  The 
effect  was  greatest  at  temperatures  above  80°  F,    Govm  kept  at  95°  F^  gave 
milk  having  about  0,7  percent  lower  solids-not-fat  than  cot^s  kept  at 
50°  F.    Heinemann  (28)  correlated  the  solids-not^fat  percentage  of  milk 
sajnples  with  daily  temperatures.    The  correlation  was  closest  during  the 
summer  months,  a  coefficient  of  -0,758  being  found  for  June^  when  the  per- 
cent of  total  solids  in  separated  milk  changed  0,119  percent  with  a  temr- 
perature  change  of  1°  F,    In  January  the  correlation  coefficient  reached 
a  low  of  -0,062,  and  the  regression  coefficient  was  -0,0010,    This  finding 
is  consistent  with  that  of  Regan  and  Richardson^  to  the  effect  that  tem- 
peratures below  80O  F,    had  less  effect  on  the  solids-not-f i I  percentage 
than  did  higher  temperatures,    Houston  and  Hale  (88)  correlated  solids- 
not-fat  yields  with  temperature,  and  found  a  partial  correlation  coeffi- 
cient of  -0.774  after  accounting  for  variation  in  total  milk  yield.  They 
considered  teiiiperature  the  equivalent  of  season, 

Davis  et  al^  (42)  stressed  temperature  as  a  probable  cause  for  low 
solids-not-fat  in  milk  from  cov;s  in  the  vicinity  of  Tucson^,  Ariz,  Schutte 
(167)  mentions  temperature  as  a  factor  in  the  solids-not-fat  content  of 
milk  from  cows  in  South  Africa,    As  evidence  that  seasonal  effects  may  be 
largely  temperature  or  feeding,  it  was  noted  that  the  seasonal  variation 
of  temperature  in  South  Africa  is  less  than  in  northern  countries,  and 
that  nutritional  levels  account  for  the  seasor^al  high  point  in  solids-not- 
fat  being  reached  in  October  and  November „ 

Season  and  temperature  are  closely  related  to  drought  as  a  factor 
influencing  solids-not-fat,  and  drought  in  turn  can  be  considered  a  matter 
of  nutrient  supply,    Lloyd  (II6)  reported  that  droughts  of  1898  and  1899 
caused  milk  of  low  sol  ids -not-fat  to  be  produced.    He  analyzed  19  samples 
in  Au.gust  1898  and  found  an  average  of  8,27  percent  solids-not-fat.  In 
September,  34  samples  averaged  8., 41  percent.     In  the  late  1920 *s  and  in 
the  1930^8  the  effect  of  drought  on  solids-not-fat^ms  noted  in  England, 
South  Africa,  New  Zealand,  and  the  United  States  /Cranfield  (28), 
Nicholson  and  Lesser  (122),  Riddet  et  al,  (1^2)*  Schutte  (l62),  and 
mhieson  (121)/. 

Despite  a  general  impression  that  the  composition  of  milk  is  un- 
affected by  the  plane  of  nutrition  of  the  cow,  there  is  considerable  evi- 
dence that  underfeeding,  as  when  feed  supplies  are  reduced  by  drought, 
reduces  the  sol ids -not-fat  content  of  milk.     Nicholson  and  Lesser  Tl29) 
attempted  to  increase  the  solids -not-fat  of  milk  by  the  use  of  varioiis 
supplements  but  without  conclusive  success.    Davis  et  al,  (-42.)  observed 
that  cows  on  marginal  rations  had  essentially  nonoal  solids-not-fat.  On 
the  other  hand,  Rowland  (I6I)  and  Riddet  et  al,  (152)  reported  experiments 
in  which  reduced  levels  of  nutrition  v/ere  definitely  accompanied  by  lowered 
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percenta^^es  of  solids~not«fat.    "uicldot  ct  al,  changed  the  rations  of  cows 
from  full  to  balf^  in  double-reversal  cxporiiiients ,  ana  found  xhat  the 
sol  ids -not-fat  percentage  was  0,3  to  0,5  percent  lower  while  the  lower 
plane  of  nutrition  lasted.    Rowland  found  that  a  lov;  energy  ration  (75  per- 
cent of  norml)  with  normal  protein^  and  a  loi;  protein  ration  (60  percent 
of  normal)  vfith  noraal  energy  iDoth  resulted  in  lower  solids-not-fat. 

That  feeding  is  a  factor  in  the  level  of  solids-not-fat  is  asserted 
also  by  Cranfield  (22)y  ^'oore  and  'lorrow  (126),  Provan  and  Jenkins  (139  )f 
and  Van  Rensberg  ( 1/^7 ) ,    Riddell  (I56)  reviewed  reports  from  various 
sources  indicating  that  low  levels  01  nutrition  lowered  the  percentage  of 
solids-not-fat  in  loilk.    Lesser  (ill)  reported  observations  on  one  herd 
which  had  a  subnormal  percentage  of  solids-not-fat  from  Ilovember  through 
rfe.rch^  becoming  normal  when  the  herd  went  on  grass ^    Jones  (^101 )  commenting 
on  a  decline  of  solids-not-fat  from  j  arch  to  April,  which  occurred  in 
9  years  out  of  10^  ascribed  it  to  excessive  water  consumption* 

Stage  of  lactation  has  sono  influence  on  the  level  of  solids-not- 
fat  (see  p^  18)0     It  might  thus  be  possible  for  stage  of  lactation  to  be 
a  factor  in  the  seasonal  pattern  of  solids-not-fat  percentages.    White  and 
Judkins  (197)  reported  average  percentages  of  solids-not-fat  by  months  for 
lactations  beginning  in  each  month  of  the  yeo.r^    From  these  data,  it  is 
evident  that  under  conditions  in  the  herd  at  the  Storrs^  Conn* ^  Experiment 
Station^  seasonal  ^jariation  mis  due  largely  to  factors  other  than  stage  of 
lactation. 

The  conditions  influencing  the  solids-not-fat  content  of  milk  also 
affect  the  fat  percentage ^  and  the  effects  are  not  al\^/a3^s  in  the  same 
direction  or  in  the  same  proportions,    A  suiiiiiiary  of  quantitative  relation- 
ships stated  by  various  authors  is  given  in  table  6,     On  the  basis  of  these 
data,  an  estimate  of  the  solids-not-fat  in  the  milk  of  an  individual  cow 
based  on  fat  percentage  alone  jiiight  easily  be  0,5  percent  too  high,  or 
O06  percent  too  low.    For  exam.plc,  in  one  sainple  out  of  20  the  fat  percent- 
age might  be  0. OS  percent  or  more  too  high,  and  solids-not~fat  0,12  per- 
cent or  more  too  low,  according  to  the  precision  of  the  Modified  Babcock 
test  for  fat  and  the  Ibjonnier  test  for  total  solids  as  found  by  Heinemann 
et  al.  (2S)«    At  the  end  of  the  lactation  period,  the  fat  percentage 
averaged  0.44  percent  over  the  lowest  value,  and  solids-not-fat  0*17  per- 
cent higher  in  the  data  of  IJhite  and  Judkins  (l£2)  v;ho  also  found  that  the 
first  lactation  ha.s  a  higher  ratio  of  fat  to  solids-not-fat  tlian  do  later 
lacta.tions,  and  that  the  highest  ratio  of  fat  to  solids-not-fat  occurs  in 
Ife.y.    As  a  result,  \n.th  the  ^^riation  due  to  analytical  nethods,  a  sample 
from  a  first  calf  heifer  in  the  10th  month  of  lactation  on  a  day  in  i'ky 
averaging  95^  might  shov  an  actuiil.  sol  ids -not-fat  percentage  of  about  S^6, 
instead  of  9.2  percent  normally  accompanying  a  fat  percentage  of  A*92c 
Cumulative  effects  of  opposite  conditions— sampling  in  the  third  month  of 
the  third  lactation^  in  September,  vath  an  air  temperature  of  SQO  might 
show  an  actual  solids-not-fat  of  9,2  instead  of  8,7  percent  normally  accomr- 
panying  a  fat  test  of  3*66.    The  probability  of  deviations  of  these  amounts 
cannot  be  stated.     Yet  they  are  based  on  average  seasonal  and  lactation 
patterns.    They  exclude  a  great  aLiOunt  of  random  variation  originally 


Table  6, — Comparative  influence  of  selected  factors 
on  fat  and  solids-not-fat  of  milk 


Factor 

;  Fat 

S  olids-not-f at 

Method  of  analysis  l/ 
Breed  2/ 

Stage  of  lactation  2/ 
Age  U 
Season  2/ 

Temperature  -  High  ^ 
Temperature  -  Low  6/ 

I  2,56 
• 

t  .24 
:  .31 
I          +  .3 
:          -  .2 

+0. 060% 
1.52 

\  J-7 
:  .08 

1             -  .3 
5              -  .4 

1/  standard  errors  of  the  mean  of  20  trials^  Modified  Babcock  test  and 
Mojonnier  total  solids  test,    Heinemann  et  al*  (2S). 
2/  Range  from  lowest  to  highest  values  in  table  3. 

2/  Range  of  monthly  averages  from  low  month  to  high  month^  data  of  White 
and  Judl^ins  (122)» 

4/  White  and  Judkins  (122)^  decline  from  1st  to  3d  lactation, 
5/  Regan  and  Richardson  (1^^),  change  from  8OO  to  90^  F. 
6/  Change  from  5OO  F.  to  80^  F, 


present  in  the  data  from  which  the  averages  were  determined.    It  is  imder- 
standablej  therefore,  that  various  equations  for  estimating  solids-not-fat 
from  the  fat  percentage  alone  should  show  standard  errors  of  estimate  of 
the  magnitude  of  0,3  percent  solids-not-fat. 


Factors  Influencing  Specific  Gravity 

The  possibility  of  increasing  the  precision  of  such  estimating  equa- 
tions by  including  a  specific  gravity  measurement  depends  on  how  constant 
is  the  specific  gravity  of  the  solids-not-fat.    Explicitly  or  implicitly, 
a  constant  value  is  assumed  for  the  specific  gravity  of  solids-not-fat. 
This  assumption  has  been  variously  treated  by  different  witers^  of  which 
a  few  examples  may  be  cited,    Fleischmann  (^)  explicitly  stated  that  the 
basic  assumption  was  that  the  specific  gravity  of  the  solids-not-fat 
varied  only  within  very  narrow  limits^  and  elsewhere  (6l)^  that  owing  to 
the  small  'variations  in  the  specific  gravity  of  solids-not-fat,  the  for- 
mula would  have  only  the  status  of  a  useful,  approximation,  not  absolute 
precision.    Other  writers  were  less  exact;  Pierre  (l^)  vrrote  that  fat- 
free  milk  has  an  invariable  density  of  1.6, 

l^sled,  perlmps,  by  a  tendency  to  disregard  Fleischmann 's  reservB,- 
tions  concerning  the  constancy  of  the  specific  gravity  of  solids-not-fat, 
de  ¥aal  (l^O,  l^l,  i^g,  122,  125)  ^^as  sharply  critical  of  formulas.  He 
pointed  out  that  protein,  lactose,  and  ash  have  different  specific  gravi- 
ties, and  occur  in  different  proportions  in  milk.    However,  he  used  this 
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fact  onlj  to  deduce  a  different  value  for  the  specific  gravity  of  skim  milk 
than  was  used  by  Fleischmann,  then  committed  the  same  error,  if  error  it  be^ 
of  considering  specific  gravity  constant  at  the  new  value. 

Jarl  (100)  showed  that  cows  differed  as  individuals  with  respect  to 
relationships  between  protein^  lactose,  and  fate 

If  variations  in  the  specific  gravity  of  solids-not-fat  constitute 
an  important  source  of  error  in  estimating  solids-not-fat  from  fat  and 
specific  gravity,  then  it  might  be  of  value  to  add  another  independent 
variable  to  the  estimating  equation,    Koestler  and  Bakke  (105^  106)  noted 
that  the  solids-not'»xat  consisted  of  protein^  lactose,  ash,  citric  aeid^ 
and  other  substances  having  different  specific  gravities  and  present  in 
varying  proportions      De  Waal  (193 )  and  Heinemann  et  al,  (2S)  suggested 
equations  including  protein  percentage  as  an  independent  variableo  Inas- 
much as  milk  protein  ha.s  a  specific  gravity  of  about  1,35,  as  compared 
\j±th  1,63  for  lactose  (l62)^  and  constitutes  about  3S  to  4-0  percent  of  the 
solids-not-fat  (132 )«  variations  in  the  percentage  of  protein  should  be 
expected  to  explain  much  of  the  variation  in  specific  gravity  of  the 
solids-not-fato    Heinemann  et  al,  (22)  found  that  use  of  the  protein  per* 
centage  reduced  the  stands^rd  error  of  estimate  from  0,13B  to  0^080  per- 
cent on  a  portion  of  their  data^ 

If  the  fat  and  solids-not-fat  percentages  follow  different  patterns 
under  the  influence  of  season,  temperature,  lactation,  age,  and  levels  of 
nutrition  it  is  important  to  know  whether  changes  in  the  specific  gravity 
of  milk  adeqixately  accoujit  for  deviations  of  solids-not-fat  from  its  nor- 
mal relationship  to  fat.    The  findings  of  Leonard  (112)  and  Richmond  (igl) 
demonstrated  a  pronounced  seasonal  bias  in  the  differences  between  gravi=- 
metric  and  lactometric  measurements  of  fat  which  would  be  the  reciprocal 
of  similar  measurements  of  solids-not-fat „    Bartlett  et  al.  (12)  and 
Golding  et  al,  (62)  foLind  similar  patterns  in  comparing  lactometric  and 
gravimetric  meas-arements  of  solids--not-fat,  but  the  significance  of  their 
results  was  lessened  by  absence  of  control  over  the  temperature  of  the 
milk  samples  between  the  time  of  milking  and  the  time  of  taking  the 
specific  gravity o    Bartlett  et  al,  (l^)  quoted  Salvestroni  (l6A)  as 
finding  seasonal  changes  in  the  accuracy  of  results  obtained  by  formulae, 
Boden  and  Campbell  (18)  found  that  lactometric  methods  gave  low  values 
during  August  through  October  and  high  values  during  February  through 
April;;    The  seasonal  range  was  from  0,07  to  0,l6  percent  solids -not-fat  in 
two  groups  of  samples  tested  in  duplicate  at  two  laboratories *  Their 
method  was  according  to  the  British  Standard  Specification  (2^)^  which 
specifies  heating  to        G^^  then  cooling  and  taking  the  lactometer  ready- 
ing at  680        Thus,  an  equation  obtained  by  using  a  lactometer,  and  de- 
signed to  give  results  that  average  the  same  as  those  obtained  by  the 
gravimetric  method  on  a  group  of  samples  taken  in  equal  numbers  throughout 
the  year,  would  be  0,035  to  0,08  percent  too  low  at  some  seasons  and  too 
high  by  the  same  percentages  at  other  seasons. 
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AIDS  FOR  COMFQTATION 

Some  work  is  involved  in  calculating  the  percentage  of  solids-not- 
fat  from  the  fat  percentage  and  specific  gravity  of  milk.    To  make  this  as 
simple  as  possible,  slide  rules,  tables,  and  nomographs  have  been  devised* 
Fleischmann^s  formula  was  the  basis  for  slide  rules  manufactured  hj 
Ackermann  (65),    Slide  rules  ba^sed  on  Richmond's  formula  also  were  availa- 
ble«    Tables  were  published  by  Behrend  and  Morgen  (l^),  Bohm  (12  )s) 
Pleischmann  (^),  Hawley  (24 )>  Hehner  (25),  Herz  (^),  Janse  (22)^  ^'^Ik 
Industry  Foundation  (122),  and  Quesneville  (lAO-1^2).  from  which  total 
solids  or  solids-not-fat  could  be  determined.    These  tables  are  based  on 
various  formulas. 

Harris  (22)  gave  a  table  for  estimating  fat  from  total  solids  and 
specific  gravity,  based  on  a  transformation  of  Richmond's  formula^ 

Horn  (86)  devised  a  lactometer  reading  total  solids  directly  for 
4.0 0  percent  milk,  subject  to  a  correction  of  1.2  percent  total  solids  for 
each  1  percent  of  fat. 

Nomograms  (charts  consisting  of  scales  for  fat  percentage,  specific 
gravity,  and  solids-not-fat  percentage)  have  been  published  by  Bycichin 
(22),  Davis  (45,  46),  Lampert  (108,  111)  and  Rueda  (l62). 


MMALS  AND  TEXTBOOKS 

The  literature  on  relationships  among  fat  and  solids-- not-fat  per- 
centages and  specific  gravity  of  milk  contains  many  citations  to  manuals^ 
handbooks,  or  textbooks  of  various  kinds.    Some  of  these  are  cited  so  fre- 
quently, or  have  such  authoritative  standing  that  they  should  be  noted  in 
such  a  review  as  this.    Among  these,  official  and  quasi- official  manuals 
for  the  examination  of  foods  and  dairy  products  are  most  important «  Codex 
Alimentarius  Austriacus  (22)  relied  on  the  Pleischmann  formula*  Codex 
Alimentaritis  Neerlandais  (^)  is  a  similar  official  manual  using  an  in- 
dependently derived  formula  (See  table  l)  which  was  sharply  criticized  by 
Van  Dam  (41,  42)  and  de  Waal  (120,  122 )c    British  Standard  Specification 
No.  734-  (24)  establishes  a  procedure  and  formula,  and  describes  hydrometers 
for  determining  the  specific  gravity  and  the  solids-not-fat  percentage  of 
milko    Boden  and  Campbell  (I8)  made  a  comparative  evaluation  of  this  method 
and  the  Richmond  method. 

Among  the  manuals  and  texts  in  which  formulas  are  given  for  esti- 
mating solids-not-fat  from  fat  and  specific  gravity,  mention  may  be  made 
of:    Aufsberg  (4),  Barthel  (H),  Bockairy  (12),  E&,vies  (44),  Emmerich  and 
Trillich  (55),  Fleischmann  (58),  Gerber  (65),  Hart  and  Tottingham  (22)^ 
Henkel  (22),  Herz  (82),  Lampert  (ill),  Leys  (II4),  Lyons  and  O'Shea  (II8), 
Milk  Industry  Foundation  (122),  migaard  (124),  Richmond  et  al.  (155). 
Roadhouse  and  Henderson  (1^8),  Soramer  (l22,  124),  Teichert  (122),  and 
Wiley  (128). 
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